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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive active *c 
material which reduces generation of gases in a lithium 
ion secondary battery and enhancing battery 
characteristics (cycle characteristics and heavy load e 
characteristic) and thermal stability. 
SOLUTION: This positive active material for the lithium 
ion secondary battery is represented by the general # g 
formula LivCo1-w-xTiwMxOySz (where M is at least one *| 
selected from among Mg and Ba; 0.95<v<1.05; 0<w<0.05; » 
0<x<0.1 0; 1 <y<2.5; and 0<z<0.01 5). 
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[W#Jfi 1 ] — US^j&S LivCoi-w-xTiwM 
xOyS 2 (fBU MfiMg, B afrhm&tltz'ptj:< 
Hlit^l 0. 9 5 < v ^ 1 . 05, 0 < 
0. 05, 0<x^O. 10, 1 ^ y ^ 2 . 5, 0<z 

^o. 015m ) vmztizztzvf'&k'tz}) 

[f»^il2] it^Effl^o. 2-2. OmVgWl 
[0 0 0 1] 

[0 0 0 2] 

p f 6 m<o y * v j*m&mm Lfc#w***»&*a#* 
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[0 0 0 6] 

Jfc«?6«ojE«ffi»Kt Lr-«a#L i v C o 
i-w-xT iwMx Oy Sz (fi L, MflMg, B a 

70 a>kStfftfc/>fc< t i> i«-e*>o, 0. 9 5^v^ 

1. 05, 0 < wS 0. 05, 0 < x < 0 . 10, 1 ^ 
y ^ 2. 5, 0 < z ^ 0. 0 15T'fc5o ) "t*it£;ft£ 

X-# £ r £ £r ft v * L * % W £ £ * 5 I c M o 0 

[0007] -r**^, *mw<o V Km 
mmiEmt£#!>Ki±. i v c o i - w t i w m 

xOySz OaL, MflMg, B a ^bilteWc^/^ 
£fclS-C*>0, 0. 9 5 ^ v ^ 1 . 05, 0< 

0. 05, 0<x^0. 10, 1 ^ y ^ 2 . 5, 0<z 

20 ^0. oi5"e*>5. ) r-*$tt5jE«efeSfr-*>o 
r, iw^Lit (v(i) «y 

wMiMt^ilftSrStl^SL, 0. 9 5^v^ 

1. 0 5(D«i^LV\ MtOTii (w 

At) , Mfi: (xi) Rifism (zfi) (i, y^A-r* 
>rft«»<o^^»fearf«»»tt (i^>r^/H*tt. ffi 

AflMW*) lC#«*C|g»L, 0<w^0. 05, 0<x 
^0. 10, 0<z^0. 0 1 5<7)ffiia^^L< , ^ 
blCO. OOOl^wlO. 05, 0. OOOlIx^ 
0. 05, 0. 0O3Sz^0. 0 0 9^i^J:^ 
50 M^OOi (yl) (Col>T(i, Stc^^tIE 

2. 5co®HT*^5o 

[0 00 8] *^0J!^ y ^^-f ^VZlR«»ffl]E«e 
ftKtt, ^(Oitmmm^O. 2-2. 0m 2 /gC0fSia 

xfc^rt^it^o lE1ifg^Scow:^ffiS[liy ^ 

g|^0. 2-2. Om 2 /g<?)l5it^|g^tSlC 
fi8t5: t^-C#5o ct*?»^L<fl0. 4-0. 8 
40 m 2 /gW®it'fc5o 
[0 0 0 9] 

3^uhft^*, f^Wk^Mt/Mg, BaO 

[0010] y^^Aib^*^, ^^<^Kfb^^, 

{k^^JSCKMg, B a CO 9 *><D'J?te< t h 1 *t<7)7C9$f£ 
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i OH, Li2COa % LiHCOa, LiNOa, L 
i2S0 4 'H2O, Li(CHaCOO), L12C2 

ny</u Mb£*#> <t It, C03O4, C02O 
3, Co (OH) 2, CoC03 x Co (N 03)2 • 6 H 

20, C0C2O4?, f-^yft^*^Lt, Ti 

O2, Ti(OH) 4 , Ti(N03)4, Ti 2 (C20 
4)3 • 1 0 H 2 O^, Mg, B a <D 0 io<D>pt£ < t 4> 
la^TCsRSr^tfYb^ftt Lt, MgO, Mg(0 
H) 2% MgCOa. Mg(N03)2 ■ 6H2O, Mg 
C2O4 • 2 H2 O, BaO, Ba(OH)2 • 8 H 
2 (X BaC03, B a (NO3 ) 2 . BaC204 • H 
2 0«EdS«ffl-C*S 8 

[001 1] mmit&Vak LTfi, 8Mb«L «tfb«K.«t 

T*#6o #*L<«:* (NH 4 ) 2 S, L i 2 SO* • 
H2O, C0SO4, (NH 4 ) 2 S04. (NH 4 )2 

S2 08f«t^, 

[0 0 12] z.ti<b<omW<vM&te, »*«oW«-*r* 

[0 0 13] r^J:5(cL-C»e>4x5IS»fiB^»«rS» 
**^ttmMb#H*-c, 500-100 ot:K)ffl«tt 

m~? 1-24 «Pl8JjSSfi£"*"S. L< (2 800-100 

jE8IS»K<o**o#»S:±^-fr*i\ iSlc, 1000 

[0 0 14] ±IE»J*^J:0»b*i6«Eric«i*rbv^^ 
«^PTS»Lt, lt*B5«*S0. 2-2. Om 2 / 
g, *P*Mfc8#l. 0-12. O/im^lOM^iD 

[0 0 15] *8WOIiiSMI:ffli^yf?A-ft 
[00 16] Mc, *«l!fl<7>IE*»4&ff£ffl^Ty 

[0017] (y f-^A^*>-ft«»a>fpK) iEti» 



(3) #08 2003 — 22806 
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— tf^ — h : v^e.^vU# — Ttf*^ h=l : 1 (ft: 
SUfc) <Djg<&jgg£K: LiPFeSrlmo 1/1 Oigt 

[0018] (^^^g^^lfffi) — «5«S L i C o 
o. 9 9 8 T i o. ooiMgo. o o i O 2 S z , L 
20 iCoo. 9 9 9 T i o, 0 0 1 O 2 S z ,> L i Co 

0. 999MgO. 0 0 1 C>2 S z i C o O2 S 

*fMBU ^m^^O. 5CT-4. 2Vit3lt**t 

* (%) 4rTIB^S:^P>**S (r;-cicn n^ra 

^safeon:^) /m%:$i}<nnttwm&} xioo 
[0019] in:, ±mi£mmmm^(Dsm (z«o 

fC, *^PJc7)iE^f§^SL i C o 0 . 9 9 8 T i 

0. ooiMgo. 001O2SZ (la) SrfflV^fcffi 

z«Sa*0<z£0. 0 1 5CD3£|S-C<£ 
< , 0. 0 0 3 ^ z ^ 0. 009 COjSffl-C^^tC® 

iCoo.999Tio.ooi02Sz (lb) , T 
i TLm&'SftLtel'^JEmfeVoWL i C 00. 9 9 9 Mg 
0. 001O2SZ (lc) RXSMgytmt T i 5u^^r 
*0 #JC**Lftt^jE«»«ftL i C0O2 Sz (Id) i 

S7C^^3^<7)7t;^l?r^:T^trw <>:l:J:ot, ttfto 
[0 0 2 0] ^(c, tfc*ffi«!^S*6«^<OiEffie«jW 

(%) (3 2(C, — jft^L i C OO. 9 9 8 

Tio. ooiMgo. 001O2S0. 005 "CUc £ 
50 To :»^^HJ:9i:, **W03Ett«»R«r 
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ri>6o Jt^S®^2. Om 2 /g£i9 jE 

^ti^51>^<t%x.bn5o Jt*B«#0. 2m 2 /g 

ft#tt^ftTt6fc*, Jfc*ffi«teO. 2-2. Om 2 
/gW«i»tL<, 0. 4-0. 8m 2 /gCD®|S /0 
Lt\, 

[0 0 2 1 ] (1M * /H#ttO»flB) — L i Co 

0. 999-wTiwMgO. 0 0 1 O 

2S0. 0 0 5 . LiCoi-wTiw02S 

o. 005, L i Coo. 999-wTiwMgo. 

ooi02^0*L i Co 1 - wT iw02 T'^^tt^^ 

(2 5t) 5CTM. 2V^TSi« 

^SSL 1. OCC-2. 7 5V*T*Mt5Ml$r5 

0 o-y-^ 5 0 o-^-f ^^B(D^mmw^ 20 

(%) SrTie<75^b*»5o 

gs*gf^= (50 0^4 ? ^&<nymMm>/ ? 
g <D^m^ft) x 1 0 0 

1 0 o 2 2 ] m 3 ±EjE«««i5r c f | ^T i a (w 

ffi) £«*l«#*<oB8«&^-o 83^, *&W<niE 
fl?H&$jfC L iCoo. 999-wTiwMgo. 001 

02S0. 005 Oa) &mi<^tcmft}.<nm&mi&m 

tt, wfg#0<w^0. 0 4#tC0. 0 

001<w^0. O 5 (D^mX^^^M< ^otl/^r 

iCoi-wTiw02So. oos (3b) , Sjc^Z 
£^WL#^IES7£%KL iCoo. 999-wTiw 
Mgo. 001O2 (3c) RlfM g jzMt S tc^^T^ 
l:^tU^IEi»ffLiCoi-wTiw02 (3 
d) S:fflU^«?fetrjt-<T. S*/te#*d s ##Ki«V^ 
t&t>fr* 0 Z<D£o\Z^ jESSiftlf + lClT i M 
g5ci$t, Sx;^<D3S^t7)7C^^^:r^tr^ <btcJ:o 

[0 0 2 3] (K:flffi#te<£>f¥ffi) -»5«s L i C o 
0.999-xTio.ooiMgxO 40 
2S0. oos, LiCoi-xMgx02S 
o. oos. LiCoo. 999-xTio. 001M 
g x O2 &t/L iCoi-xMgx02 T*^£*t£*I* 

ffi2. OCtM. 2V^r^M^©IL 2. OCT* 
2. 7 5 V*-C36*«Lfci:#wttia*iB:«:Siftffif*fl: 

(mAh/g) £ LXXtbZo 

[0 0 2 4] |4i:, ifEIEM^S^^MgS: (x 

ffifS^S LiCoo. 999-xTio. ooiMgx 50 
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O2S0. oos (4a) Srffl^fcfi?btf>S&:&ffif£4 
12, xffi^ 0 <x^o. 1 0C9jfiEi-eii5< > *H-o. 0 
OOlSx^O. 0 scoi&KT'^iciiK ^orv>^r 
i: 365*3**5. T i ^*££#L#l\£«»»KL 

1 C o 1 - x M g x O 2 S o . 005 (4b) , Stu^ 
4r$#Lft^jE«ffi»«L i C 00. 999-xTi 

0. ooiMgxOa (4c) RVT i 5cH £ S ycM* 
^tL^^MMSL i C o 1 - x Mg x O 

2 (4d) zm^^tcmmictt^x. m^mm^m^ 

[0 0 2 5] ±^Lfc«t9t^ IE*£f&#>fC*lCT i 7C 

MgTct, s 3 mm<o5tm &±x<s&^t \z 

[0 0 2 6] — jftSfca* L i v C o 0 . 9 9 8 T 

io. ooiMgo. 001O2S0. oos X$Z c? 

%n*<oTEm&mn*m\<^x7 M»ffi*r«s»u 

BSJIffif^S (mAh/g) £##>5 0 IH5l^ IE®f§^ 

[0 0 2 7] £fc, iffi«0«Stt«ffir-*«S-a:^:»'& 
(0. 2 5C) (doV^T, (HetClESfg^S^cOL i ft 
(vf) t»t*i(OH«ir^t 0 rcoH^b, 
ilivf^O. 9 5 <fc < #5<bteTLTV>£^ £ 

[0 0 2 8] ^oT, i^^^f^ft<til^^m^ft60 
t^-r4xt#ati"5i:, vlliO. 9 5^v^l. 05O 

[0 0 2 9] J£*T\ *«W<7)||Sg«^ou^-CRW"r6 
[0 0 3 0] 

im»m] [jtitfli] i%mv^<}^ (l i 2 c 
o 3 ) . mE.mt^^^v (C03O4) , zMik^* 
> (t i 02) , (Mgcoa) , m 

mVT-VJ* (L12SO4 - H 2 0) v=l. 0 % 

w=0. 001, x = 0. 001, z = 0. 0 0 5|:/j: 
5«fc5KW-ffl:U tt^tSc »e>nfcJH»a^**: 
g^m^. 9 0 Ott'l O^W«BritUAc«, 
ffll>T»^L"C, Jfc*ffi«jaso. 62m 2 /g, 
S^3. 5 /i mCOiEfiif&^S^^L i C o 0 . 9 9 8 T 
io. ooiMgo. 00 1 O2 So. 005 £rf#£> 0 

[0 0 3 1] itSffifllli. ^I^^^p^^IcJ:^^ 

E*BET-^si:t«tt5 B ¥J**aatt, 
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t5ft*tt-e«3ei-s« l i 

Col«gS, Ti. Mg. BaMS(j;ICPM5) 

[0 0 3 2] [JIJ£#J2] w = 0. 0 0 5{C-r*»*M* 
SSMMl iPifCLt, tt&mm*0. 62mVg, 

3 . 5 u m (oiEmmmnn^ l i c o 

o. 9 9 4 Tio. o o 5 M g o . 001O2S 
o . 005 £rt#£> 0 

[0 0 3 3] [j|tfi«3] w=0. 0 1«Ci-5K*tt* 
*«1 ^IH«ICUT, Jfc*ffi«#0. 63m 2 /g, W- 

3 . 5 /i mCDIEt&?£^ff *&5fc L i Co 
0. 989Tio. oiMgo. 001O2S 
o . 005 ^r#5o 

[0 0 3 4] mMm4] x = 0. 0 0 5CtSW 

5F*S«CSd5 3. 3ium(OiE«»«lK»*L i Co 
o. 994Tio. ooiMgo. 005O2S 
o . 005 &rf#5o 

[0035] mmmsi x = o. 0 nc-tz^nn 
mmi tmmz^x* tt&mmfro. 65m 2 /g, w- 
m&m* 3 . 3 fx mcDiEmmmmffi* l i c o 

o. 9 8 9 Tio, ooiMgo. 01O2S 
0 . 005 £r#<5<> 

[0036] mmm^ z = o. oo3cts^n 

HlfiWl tI^«tCUT, tt^ffi«^0. 63m 2 /g, 
5F*9»S*S3. 5^m«iESSW»*LiCo 
0. 9 9 8 T i 0. ooiMgo. 001O2S 
o . 003 £r#<5<> 

[0 0 3 7] [3lJ£#J7] 2 = 0. 0 0 9fc-*-aJE**M2 
HJfitfJl ^«iat, Jfc*ffi«#0. 63mVg, 
W«Ea^3. 5nm©jEiiS»H»*L iCo 
o . 998T10. ooiMgo. 001O2S 
0 . 009 £r?#5o 

[0 0 3 8] [HJfifl»J8] z = 0. 0 12tC-r^>^fi 
^JUWat, W:*ffi«dS0. 63m 2 /g, 

3 . 4 11 m<DjEm^nnm l i c o 

0. 9 9 8 T i 0. ooiMgo. 001O2S 
0.012 ^#So 
[0 0 3 9] [Hjffi^j9] z = 0. 0 15Cf5^li 
XttMl <t^(wLT, tfc*a5«riS0. 64mVg, 
¥*9tte*S 3 . 4 Ai m WEffifSftSf L i C o 
o. 9 9 8 T i o. ooiMgo. 001O2S 
0 . 0 1 5 ?rtl5 0 

[0040] mmmi 0] -g£ffc^* > cr i 02) 

*HiHli6« 1 ^^(CLT, ttmffiffifcO. 63m 2 / 
g , spJStt«3&S 3 . 5 u m OlE«?§»««&* L i Co 
0. n 8 T i 0. ooiMgo. 001O2S 



o . 005 £r?#<5 0 

[0041] immmi 1] (t s o 2 ) 

oft^t)(c6g^^^ (t i (no 3 ) 4 ) *®.m-tz>u 

ftitMMMi tmmcLX, Jt*flMM*0. 6 3m 2 / 
g . ¥*S*fc«J&s 3 . 5 /i m <0 jE«fi«l«t&*: L i Co 
0. 99 sT i 0. ooiMgo. 001O2S 
0 . 005 £r#6o 

[0042] mmmi 2] (t i 02) 

(Dft^lCv^r^^:/ (T i 2 (C 2 O 4 ) 3 • 10 
10 H2O) «r«ffl-rs«^i^*«l ilS]«*-L-C. Jt« 
ffittriSO. 64m 2 /g, ¥fc&*fcfia s 3. 4 mCDJEfa 
L i Coo. 998Tio. ooiMg 

0. OO1O2S0. 0O5^H5o 

[0043] inmmi 3] rayt^ (l i 2 so 
4 -H2 0) <nftt>*>\a&n (s) srttffl-rs^ftn 

J£#Il ^ilClt, lt*ffi8l^o. 64m 2 /g,¥ 

3 . 4 ai m <0 IE«SW R»5fc L i Co 
0. 9 9 8 T io. ooiMgo. 001O2S0. 

0 0 5 

20 [0044] mmmi 4] m.mDT-tJ* (l i 2 so 

4 -h 2 o) oo{^^«9 ^Wtsrv^e^^A ( (nh 4 ) 
2 S) twajcL-c, tt«c® 

ffi#0. 6 3m 2 /g> ?^W3. 5 /i mWiEM 

LiCoo. 998Tio. ooiMg 
0. 001O2S0. o o 5 ^rllSo 

[0045] mmmi 5] aBty^^A (l i 2 so 
4 -H 2 o) co^^«9tc-</u^-^y-efE^r^^^^A 
( (NH4) 2 s 2 08 ) &mm-t&si*u*nM9i 1 1 

Jt*tB*dS0. 63m 2 /g, 
50 3 . 5 v mCDlE&fS&jWffiML i C o o . 9 9 8 T i 
0. ooiMgo. 001O2S0. 005 £rfl|"5 0 
[0 0 4 6] imffiMl 6] J^^^v-^A (MgC 
O3) <Oftt>*)\Z.K&'<})<>J» (BaCOs) £{£jfl-f 
^^^Hlfe^ll £R«HCLT, tfc*ffiSWSO. 64m 
2 / g s ¥*9tt1Sd s 3.4m m^iE^if§fe)K^* L i C 
00. 9 9 8 T i 0. 001 B a 0 . 001O2S 
0 . 005 ^t#5 0 
[0 0 4 7] [ifci&^J 1 ] -mit^f > (T i O 2 ) , 

Mk-*#*i/VJ* (Mgco 3 ) , mmv^vj* (Li 

40 2SO4 -H 2 0) Sr«fflL*^JSL^tt*llS«l tW« 
CLt, JtSffi8W s 0. 61mVg, 3. 
6 ^ mCOjE«»»K«95fe L i C o O 2 £*#£ 0 
[0 0 4 8] [tk^^j2] Rgfc-r A (MgCO 

3) , mmV7-<?J* (L i 2 S04 • H2 O) £{£fflL 

*t^^(iHSg«i tl^«icur, tk«ffi«^o. 61 

m 2/ g , spJ4flfta^3. 6 » m<OIE«SftKI&*L i 
Coo. 999Ti0. ooi02§r}|5 0 
[0 0 4 9] [Jfc«0»J3] -l^b^^^ (Ti0 2 ) , 
^^jU (L i 2 SO 4 • H2 O) L#V>£* 
50 ^IIUJS^J 1 tl5]«(-LT, tt*ffi«*S0. 61m 2 / 
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g , 3 . 6 ix m<^jEffigtt®l»* L i Co 

0. 9 9 9 MgO. oo I 02$:IHo 

[0 0 5 0] [J£$£0iJ4] ~mt^V (TiOa) . 
KK^^VC'A (MgCOa) &ffifflL*^«*Mi^ 
if)l <b[5j«(cLT, JtSES^O. 61mVg, ¥ 
*&tfcS* s 3. 6MmW3EBgftR»*LiCo02S 
b . 005 <5 0 

[0 0 5 1] [Jfc«t«5] ffit^y (L i 2 S04 

•H2O) SrltfflLfti^K^tt*IB«l ^^tt, 
Jfc*flB»#0. 6 1m 2 /g, ¥W3. 6/im(D 
IliigW LiCoo. 99sTio. ooiMg 
0 . 0 0 1 O 2 ^t#6 0 

[00 5 2] [Jfc««6] «»-^*^** (MgCO 

^0. 61m 2 /g, ?«^3. 6/imCOiE^ 

LiCoo. 999Tio. 001O2S 
O . 0 0 5 &^#-5 0 
[00 5 3] [Jfc««7] (T i O2) £ 

0. 6 1m 2 /g, ¥WW3. 6 Mm0>IE«ffitt« 

LiCoo. 999Mgo. 001O2S 
0 . 005 £r&£ 0 

[00 5 4] (fPtf ) HJfi^J 1-16 RtfJfctftfll 1 ~ 7 

60 (2 5t) TWfIi^$&t; 

KA«r**ttWK4:RI«*-«3E-*"S. MWL (6 or) "C 

(2 5t) tw*«t»**ra«tt:aift-*-s. SSSStt 
[0 0 5 5] (»SSttwff«) 
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[0 0 5 6] ^«*3EJ»*»«ffcli, SEiMMftK*** 

& (5] mc— fe<omm -cnnm l * & & pej#cd n ic £ l 5 &. 

[0 0 5 7] Jt««l 1 - 7 iCjfc^ HJfe^Jl 

— 1 5 JilEI&ffitlg+tCT i TnSi, Mg7cS, S5c*0 
3 SS05cilr±t^tf r J: o T, mt&V>B&&&& 

20 ■p-^/MfrttKoVvCtt, (2 5*0 T'Oi^-f^yu 

«ptt*f«"C*< ffifi (6 0t) fsi-ftVkh&ti 

<* m*3Ettlct«nr^^Ci:AS*)36»5. «*tf, T 
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